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ABSTRACT 
A pattern of mesoscale, seaward extending fine sand lobes and 
shoreward extending coarse sand troughs often form a rhythmically 
interfingering, recurrent transverse bar morphology of low relief on 
the subtidal shoreface of southwestern Rhode Island barrier beaches. 
\The development of these shoreface features, and of the encompassing 
larger scale beach and nearshore morphology, is intensively 
investigated in a year--long program of regular beach and shoreface 
profiling at an East Beach site along this coast. Although previous 
investigators had inferred a storm-related origin for these mesoscale 
bedforms, this study documents their development by shoreface erosion 
• during periods of fair-weather incident waves, onshore transport and 
beachface accretion. Conversely the lobes and troughs become filled-in 
and buried by shoreface deposits during periods of storm-induced beach 
erosion and associated seaward sediment transport and deposition. 
These features may therefore represent a class of rhythmic shoreface 
features that generally form in conjunction with beachface accretion. 
In this sense they may be comparable to beachface cusps, and similarly 
have multiple origins. 
Although the accumulated data on these lobes and troughs do not 
indicate the specific processes involved in their formation, several 
previously recognized mechanisms are suggested that may be important in 
their development. These potential mechanisms include: 1) edge 
wave/incident wave interactions, 2) intersecting incident wave 
interactions, 3) wave refraction by bottom topography, 
ii 
4) macroturbulent eddys in wind-generated coastal flows, or 5) the 
propagation of bottom irregularities by incident waves. Of these 
mechanisms, stationary edge waves are particularly well-suited to 
explain the rhythmic spacing and fixed patterns of recurrence of these 
features at this site. 
These shoreface features develop within an annual pattern of 
storm-cycle dominated beach morphodynamics which also exhibits a 
·significant seasonal trend. In addition to a dependence on sea level 
and incident storm intensity, the extent of beach erosion and the 
occurrence of shoreline and dune retreat in this cycle are thought to 
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INTRODUCTION 
Shoreline topographic features of various sizes commonly define 
rhythmic patterns of occurrence along many of the world's coasts.· 
Previous research has focused on diverse examples of these rhythmic 
features, including: megascale shoreline cusps, shoreface ridges, and 
,I 
overwash patterns; • mesoscale beach cusps, shoreface ba.rs, ridges and 
swales, and rip current channels; and microscale ripples and swash 
marks. This investigation concerns the origins of mesoscale lobes and 
troughs which often form rhythmic patterns along the barrier beaches of 
southwestern Rhode Island. The rhythmic patterns these features 
produce on side scan sonar records have also been seen in other 
nearshore areas in the northwestern North Atlantic region. Where these 
and other rhythmic coastal features occur, this topography is generally 
believed to represent a fundamental expression of the coastal processes 
that are active in that area of the coast. Hence the insights gained 
from this study into the evolution of these lobe and trough features 
are expected to contribute significantly to our understanding of 
coastal morphodynamics in this local area, and possibly in the other 
areas where similar features are found. 
Various explanations have been proposed for the origins of 
rhythmic coastal features, which can be divided into two basic 
catagories of 1) non-storm and 2) storm-related theories. The 
non-storm theories generally rely on well-documented observations of 
incident wave interactions with topography, longshore currents, rip 
currents, and/or edge waves (Moody, 1965; Sonu, 1968, 1972, 1973; 
1 
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Niedoroda and Tanner, 1970; Bowen and Inman, 1971). However, due to 
the inherent difficulties in making storm observations, the 
storm-related theorie.s tend to rely on inferences of storm-induced rip 
currents or alongshore coastal storm flow mechanisms (Reimnitz, et al., 
1976; Morang, 1978; Swift and Freeland, 1978). The differences 
inherent in these two theoretical viewpoints suggest that there may be 
multiple origins for rhythmic features in general, and that these 
origins are dependent on the processes that dominate in the areas where 
the features are observed. 
The presence of the rhythmic shoreface lobes and troughs along the 
Rhode Island coast presented an opportunity to closely investigate the 
origin of th_ese rhythmic features, and to test the previous inferences 
that these features were storm-induced (Morang, 1978; Morang and 
McMaster, 1980). It also presented an opportunity to further expand l 
our understanding of coastal morphodynamics along this moderate energy1 
.J 
storm-dominated, microtidal coast. To attain th6se goals, an 
investigation was proposed to: 
1) observe and measure in fine detail the beach and ~earshore 
morphology at a coastal site that is apparently 
characteristic of much of the Rhode Island coast; 
2) observe and infer, if possible, the processes and process 
interactions that are dominant in producing the observed 
beach and nearshore morphologies; and 
3) develop a conceptual model that describas and explains the 
characteristic~ of these observed coastal morphodynamics. 
2 
• 
These objectives were accomplished during a year of intensive· 
beachface and nearshore monitoring of regularly spaced profiles over a l 
small, tightly-controlled transect grid at a survey site on East Beach, 
1
/ 
R.I. (Fig. 1). These data were analyzed by physical and statistical 
comparisons among the profiles, and by comparisons of the profile 
changes to local weather patterns and to observed fair-weather and 
storm processes. Many of the morphologies that are shown here as 
examples are taken directly from these surveys. However, different 
specific morphologies may also be expressed by the same general 
mechanisms under other environmental conditions. 
Background 
Shoreface mesoscale bedforms, similar to the shoreline normal, 
fine-grained lobes and intervening coarse-grained troughs observed at 
this site, have also been reported over much of the remaining 
southwestern Rhode Island coastline (Morang, 1978), Outer Cape Cod 
(Aubrey and Twitchell, 1980), the Middle Atlantic Bight (Swift and 
Freeland, 1978), the Brazilian shelf (cited in Swift and Freeland, 
. 1978), and the Pacific coast of Mexico (Reimnitz, et al., 1976). Most 
of these earlier studies attribute the development of these features to 
storm-induced offshore or alongshore transport processes. Comparisons 
of side scan records and field observations from this investigation to 
those of the earlier investigations indicate that th-e shoreface 
mesoscale lobes and troughs documented here are essentially the same as 
the snoreface features discussed by Morang (1978), and Morang a.nd 
McMaster ( 1980), a.nd are markedly similar to those described by Swift 
3 
Figure 1. Location of the East Beach survey site in southwestern Rhode 
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and Freeland (1978). Yet, the results of this study indicate that 
these shoreface lobes and troughs develop in response to onshore 
fair-weather wave transport. 
Similar nearshore mesoscale features are commonly found in 
rhythmic patterns on all the coasts of the world, and their existence 
has been attributed to numerous generating mechanisms. The non-storm 
origins suggested for several of these rhythmic bedforms also leads to 
some uncertainty regarding the inferred storm-induced origins for these 
features. For example, Sonu (1973) describes shoreline normal bars as 
being produced by the migration of crescentic, shoreline parallel, 
inner and outer shoreface bars. Short (1978, 1979) similarly describes 
the development of comparable features within a continuous model of 
shoreface change and evolution under changing wave conditions. Other 
explanations for the generation and maintenance of similar nearshore 
features include: storm-related coastal jets (Swift, et al., 1973, 
1978; McKinney, et al., 1974); relict drainage patterns and drowned 
tidal ridges (Swift, 1973); rip currents and related circulation cells 
(Reimnitz, et al., 1976; Morang, 1978); nearshore storm-surge ebb 
channels and related offshore progradation of fine grained shoreface 
sands (Gadow and Reineck, 1969; MacIntyre and Pilkey, 1969); and 
interactions between waves, topography, and longshore-, tidal- and/or 
rip-currents (Dolan, 1971; Sonu, 1972, 1973). Several of these 
mechanisms may alternately be responsible for the short- and long-term 
beach and nearshore changes observed along the microtidal southwestern 
Rhode Island coast. 
5 
The characteristic bedforms and patterns of beach accretion and 
erosion on microtidal shorelines in the northeast region, and 
specifically in Rhode Island, are thought to reflect both the 
short-term storm/fair-weather cycles and the restricted wave energy 
spectrum that typify this storm-wave dominated environment (BEB, 1950; 
USACE, 1957; McMaster, et al., 1964-present; Hayes and Boothroyd, 
1969; Regan, 1976; Owens and Frobel, 1977; Morang, 1978; Short, 
1978, 1979; Boothroyd and O'Brien, 1980; Fisher and Hagstrom, 1980; 
Morang and McMaster, 1980). Infrequent catastrophic beach changes and 
coastal property losses are also caused by tropical hurricanes and 
other unusually intense storms that occasionally pass through the 
northeast region (Hayes, 1967; Sexton, et al., 1980). Various 
combinations of incident-wave and longshore current processes are 
thought to contribute significantly to the beach erosion, sediment 
transport, and subsequent beach rebuilding along this coast (McMaster, 
1960; Sakalowsky, 1972, 1975; Beale, 1975; Coddington, 1976; 
Donovan, 1977; Swanson and Spaulding, 1977; Fisher and Hagstrom, 
1980). The action of these storms and processes, combined with the 
relatively low relief, narrow width and sparse sediment supply of these 
beaches, are thought to have resulted in the slow landward migration of ) 
these barrier beaches during the Holocene period of sea level rise and 
shoreline transgression (Dillon, 1970). 
Physical Setting 
The site of this study is near the western end of East Beach, a 
• ?"elati vely low, narrow barrier beach in southwestern Rhode Island 
6 
(Fig. 1). This beach extends in a gentle concave arc between two 
glacial headlands, Green Hill Point, 7.5 km east of the site, and 
Qunonchontaug Point, 3.0 km west of the site. The site faces south 
onto Block Island Sound, and is backed by Ninigret Pond, a relatively 
small, shallow coastal lagoon. Presently the pond connects to the 
Sound through Charlestown Breachway, a jetty-stabilized tidal inlet 
located near the middle of this stretch of barrier beach, 4.0 km east 
cf the site, although the previous location of this inlet may have been 
controlled by a submerged field of large, glacially derived boulders 
found mainly to the west of the present breachway. The barrier beach 
receives essentially no fluvial sediment input, and appears to be 
maintained in an undernourished state primarily by sediment selectively 
transported from the adjacent headlands, offshore source areas, and/or 
from shoreface erosion of the underlying relict lagoon and glacial 
deposits. Because of this, the beach and lagoon are migrating slowly 
landward, transgressing over a reworked surface of glacial till and 
outwash (Dillon, 1970). 
The general relationships between the common beach and shoreface 
morphologic features at this site are illustrated in Figure 2. The 
beachface usually exhibits some degree of berm development on the 
foreshore, except immediately following extensive storm erosion when 
the beach .is excavated to a nearly smooth, concave seaward profile. 
The berm is usually well developed by late summer, sloping steeply 
seaward from th~ crest to a plunge point step just seaward of the mean 
low water shoreline, and sloping more gently landward, forming a 
shallow backshore trough at the base of the dunes. Nearshore parallel 
7 
Figure 2. Identification of the mesoscale morphologic features and the 
limits of the shoreface zones referred to in the text. 
8 
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bars are rarely seen off this beach, except during and immediately 
. 
after stor.ms, and these bars usually migrate rapidly shoreward, welding 
to the beach within a few days. The subtidal nearshore zone exhibits 
shoreline normal megarippled channels that are often regularly spaced 
along the shoreline and may extend over 300 meters seaward of the beach 
to water depths of 5 to 10 meters (Morangi 1978). 
This section of coast can be broadly classified as a low to 
moderate energy, microtidal environment which is dominated by storm 
wave energy primarily associated with winter storms. The incident wave 
height is usually less than 1 m, with a maximum recorded wave height of 
just over 2.5 m (Raytheon, 1975). Wave periods range between 4 and 10 
sec, and are usually inversely related to the wave heights, a 
characteristic of wind generated waves. 70% greater wave energy comes 
from the southeast quadrant than from the southwest, due largely to the 
presence of Block Island and Long Island to the south and southwest, 
and to the dominant high energy of northeast storms in this area (BEB, 
1950; USACE, 1957). This plus a strong correlation between the 
incident wave power and the local weather, and the effect of partial 
blocking of distant open ocean swell by Block Island, indicates that 
most of the incident waves are locally generated (Raytheon, 1975). 
During the autumn and winter, storms and local winds typically 
produce a 1-5 day periodicity in incident wave energy (Raytheon, 1975). 
During the summer, fair-weather swell refracts around Block Island and 
tends.to dominate over the local waves that are generated by afternoon 
southwest sea breezes. However, late-summer tropical hurricanes which 
9 
occasionally pass through the area bring high winds, high waves and a 
high storm surge to bear on the relatively unstable late-summer 
profile. These extreme hurricane conditions often combine to cause 
extensive coastal damage and beach erosion (Allen, 1976; Morang, 
1976). 
Under fair-weather conditions the steep foreshore slope, generally 
5-7 degrees, typically produces plunging breakers that restrict the 
surf zone width to a narrow band along the shoreline. This steep 
foreshore also causes marked seaward reflection of much of the incident 
wave energy and produces a resonance between the incoming and reflected 
waves. The narrow surf zone produces fair-weather rip currents that 
are usually small and ephemeral, do not extend much seaward of the 
breaker zone and do not appear to reoccupy the same locations through 
time. Limited personal observations indicate that this is also 
generally the case under storm conditions when tbe larger incident 
waves cause the surf zone to widen appreciably. However, unusually 
persistent rips do form in association with storm-induced breaches in 
nearshore parallel bars or the summer berm. These unusual, infrequent 
rip conditions seem to account for the large depositional fans that are 
.occasionally observed extending seaward on the lower shoreface. 
The narrowness of the fair-weather surf zone also restricts the 
width of the zone of fair-weather wave-induced longshore currents. But 
this zone also expands in width during periods of higher incident 
waves, covering an area greater than 40 m off the shoreline during 




observed flowing to the east in this zone can attain velocities greater 
than 1 m/sec. During one storm the surface drift within 25 m seaward 
of the breakers was also observed flowing counter to the inshore 
currents at 20-30 cm/sec, but the causes of this reversal were not 
determined. 
The average tidal range in the area is 0.85 m and is semi-diurnal, / 
with a period of approximately 12.5 hours. The tide advances westward 
and produces rotary flow through most of Block Island Sound, but 
landward of the 6 m isobath the flow becomes oscillatory alongshore. 
The net transport is normally westward during the summer, reflecting 
the general southwesterly flow along the southern New England 
continental shelf. But a strengthing of the westerly winds in winter 
results in eastward net transport, although strong pulses of westward 
flow are caused occasionally by intense northeast storms (Raytheon, 
1975). Near bottom tidal currents of 17 cm/sec have been measured at 6 
m depths near the site, but the velocity tends to decrease in a 
landward direction due to frictional effects in shallower water 
(Raytheon, i975; pers. obs.). Diver estimates and measurements of 
current speeds are less than 15 cm/sec at the site and are also 
observed to be strongly dependent on the tidal phase. This suggests 
that the nearshore net transport is normally small when averaged over 
several tidal cycles. 
11 
METHODS AND PROCEDURES 
Beach and Nearshore Surveys 
Four shoreline normal transects (Profiles I-IV from east to west) 
were established at 25 m intervals alongshore at the East Beach survey 
site (Fig. 1), and profiles were measured along these transects using 
standard transit and survey rod profiling techniques. These profiles 
extended from permanent backdune reference stakes across the beach, 
through the breaker zone, to a nearshore stake field at -2 m MSL 
approximately 40 m seaward of the shoreline. Longshore beach profiles 
were also measured along shoreline parallel transects using Profile I 
rod points as transit locations. However, these longshore profiles 
were only marginally useful due to transect variability and poor 
control in defining the end points of the profiles. 
Underwater continuations of the shoreline normal transects 
extended another 75 m seaward from the nearshore edge of the stake 
field to approximately -7 m MSL. These transect continuations were 
defined by stretched lines, which were tagged with position information 
at 1 m intervals, and which connected reference stakes driven into the 
bottom at 25 m intervals (after Clifton~ et al., 1971). Similarly 
defined, shoreline parallel transects (A-D seaward) orthogonally 
inter-connected these shoreline normal transects, resulting i~ the 
formation of a 75 X 75 m square grid ccmposed of 25 X 25 m quadrats. A 
100 m extension was also added to the seaward end cf Transect II, and 
lasted through ~he winter and most of the. spring. 
12 
Profile measurements along these underwater transects were made by 
SCUBA divers, who measured vertically from the taut lines to the bottom 
with a meter stick at regular 1-2 m intervals and at points where the 
sedimentary characteristics changed markedly. In addition to the 
measured height and location, the surrounding bottom characteristics 
were also noted at these measurement points. Reference elevations for 
the stakes were separately determined by transit measurements, 
fathomP.ter recordings, and by determining the relative depths between 
the stakes. These measurement methods demonstrated a repeatability to 
within 1 cm vertical elevation and 10 cm horizontal distance on the 
shoreline normal beachface profiles and within the underwater grid. 
The portions of the profiles measured through the surf zone were more 
variable due to the action of waves, currents and surf. However, it is 
estimated that these measurements were accurate to within 10 cm 
vertically and 30 cm horizontally. 
The beach transit surveys and nearshore grid surveys were made at 
somewhat irregular intervals throughout the year due to weather, 
equipment and personnel constraints. However, complete surveys were 
compiled approximately monthly from October, 1979, through June, 1980, 
and thereafter at 1-1/2 month intervals through October, 1980. The two 
types of surveys were usually completed on different days due to the 
differences in survey equipment and personnel used, and the time 
required to complete each survey (3-4 hours for the transit survey and 
4-5 hours for the grid survey). 
13 
Due to the large data set and the complexities of data reduction, 
extensive use was made of a PR1ME 450 computer and Zeta plotter 
throughout this investigation. Several original or modified programs 
were written to process, plot, and analyze the profile measurements. 
Iterative comparison of the plots, and later cross-checks by 
eigenfunction results, allowed for reduction of the grid profiles to 
the common MSL reference datum of the transit profiles. Eigenfunctions 
were calculated from the various sets of profile data using the MATRIX 
subroutines of the SAS 79 computerized .statistical analysis package 
(SAS Institute, 1979). Interpretations were made by inter-comparison 
of the profiles and the vari?us eigenfunctions, and by comparison to 
weather records (NOAA, 1979-1980; U.S. Coast Guard station obs., 
1979-80}, tidal forecasts (NOS, 1978-79), and personal records of 
weather, waves, swell, and currents. 
Coring Procedures 
Seven usable cores were obtained from the stake field during 
September, 1980. Six of these cores were taken using 7.6 cm (3 inch) 
diameter aluminum tubing, and the last was taken using a 34 X 17.8 cm 
heavy gauge steel box. The corers were hammered into, and extracted 
from the bottom by SCUBA divers. In the laboratory the cores were 
split or removed from the corers, and CIBA resin peels (Burger, et al., 
1969) were made. Core descriptions were made from the resin peels and 





Calculated limits to the various shoreface zones were determined 
acc.o_~.ai-ng.___to the wave energy dependent relationships suggested by 
.,,. ...----
'"----Hallermeier ( 977, 1980, 1981). For these calculations, values for the -------average significant wave height, h = .84 m, standard deviation of the 
wave height, o = .44 m, and average period, T = 6.74 sec, were obtained 
from non-continuous observational data (Hicks, et al., 1956). Although 
these values are of unknown accuracy, they are comparable to values for 
significant wave height, less than 0.47 m for 76% of the time and less 
than 0.91 m for 96% of the time, and average wave period, 6-10 sec, / 
determined from continuous instrumented records (Raytheon, 1975). The 
application of Hallermeier's techniques to Hicks' values yield landward 
and seaward limits to the shoal zone, d = 6.43 m and d = 21.44 m 
respectively, which appear to be unreasonably large. The calculated 
values are much greater than the comparably defined 4.5 m deep landward 
limit indicated by the measured profiles, and the approximately 13 m 
deep seaward limit suggested by Dillon (1970) based on lower shoreface 
slope breaks. 
Therefore, less precise nomenclature generally following 
Hallermeier's descriptive definitions has been adopted for use 
throughout this study (Fig. 2): 
Foreshore - from the berm crest to the mean low water level at 
-0.5 m MSL. 
Upper shoreface - the subtidal nearshore zone, including the low 
tide terrace, extending from approximately -0.5 m to -1.5 m MSL. 
15 
Middle shoreface - seaward to the distal edge of intense 
onshore-offshore transport, described by greater than 0.5 m 
vertical change, extending from -1.5 to -4 m MSL. 
Lower shoreface - to the distal edge of significant sand transport 
by usual waves, extending from -4 to -7 m MSL. 
Offshore zone - the zone of insignificant transport by normal waves, 
extending seaward of approximately the -7 m MSL isobath. 
These zones extend much deeper than comparable zones suggested for 
the low energy, tide dominated environment of Sapelo Island, Georgia 
(Howard and Reineck, 1972). This probably reflects the differences in 
incident wave energy and the dominance of wave versus tidal processes 
between these two areas. 
OBSERVATIONS AND RESULTS 
Mesoscale Topography 
A summary of vertically exagge~ated profile diagrams (Fig. 3) of 
field survey observations and measurements illustrate the mot•phologic 
relationships and changes among the mesoscale topographies found within 
the beach and nearshore zones at this site. Over the nearshore 
subtidal shoreface the mesoscale features form a se~ies of dynamic, 
linear, seaward extending, shoreline normal lobes and laterally 
intervening troughs. The relief of these mesoscale features may reach 





















































BEACH SURVEYED 2/3/80 
BEACH SURVEYED 3/17/80 







BEACH SURVEYED 9/6/80 
ID SURVEYED 9/5/80 











BEACH SURVEYED 3/3/80 
GRID SURVEYED 3/2/80 
EXTEN SURVEYED 2/29/80 
EACH SURVEYED 5/10/80 
ID SURVEYED 5/10/80 
TEN SURVEYED 5/10/80 
' ' 
Figure 3. A summary' of the measured profiles and observed shoreline 
morphologic features taken in surveys from November, 1979, through 
October, 1980. The complete series of profiles measured during 
this period are included in Appendix A. 
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Ripple size and, to a lesser extent, grain size prove to be 
distinctive microscale characteristics for recognizing thes~ low relief 
mesoscale features. The ripple length classification system of 
Boothroyd and Hubbard (1975) is used throughout this study. As 
suggested by Inman (1957), ripple size tends to increase with 
increasing grain size, shoaling water depth, and intensifying wave 
conditions. Because of this the characteristic ripple size associated 
with a specific mesoscale feature tends to change somewhat across the 
shoreface, and between individual surveys. 
The lobes are usually oriented nearly normal to the shoreline, and 
extend continuously from the breaker zone as much as 120 m seaward, 
across much of the lower shoreface. These lobes are characterized by a 
sedimentary facies of predominantly fine to fine-medium grained quartz 
and feldspar sands. This fine sand facies tends to support shoreline 
sub-parallel, short crested, small (5-30 cm long, 2-5 cm high), wave 
formed ripples that are symmetrical. to onshore asymmetrical. As these 
small ripples are below the resolution of side scan sonar, this facies 
appears plain and produces relatively diffuse returns on side scan 
records (Fig. 4). 
The intervening troughs are also oriented normal to the shoreline, 
and are often continuous over 100 m seaward. These features often 
extend from the breaker zone seaward, merging into fewer and broader 
troughs across the shoreface. The troughs are typically floored with a 
medium to coarse sand and gravel facies that characteristically 
supports long crested, wave formed, medium- to mega-ripples (20-80 cm 
18 
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Figure 4. Typical nearshore side scan sonograms, collected by Morang 
(1978), illustrating the lobes and troughs that are found along 
the southwestern Rhode Island coast in water depths less than 5 
meters. 
A) Misquamicut Beach site on September 29, 1977 - The top portion 
shows light returns from the lobes and dark returns from the 
troughs obtained by increasing th.e gain. This record is 
similar to Swift and Freeland's (1978) records from the 
nearshore zone along southern Long Island. Faint rippling can 
be discerned in the troughs on the lower portion of this 
record. The subdued expression of these ripples reflects the 
low wave energy conditions of late summer. 
B) The same site on December 2, 1977 - The increased ripple 
definition in the troughs reflects the higher wave energy 
associated with a moderate autumn storm from 4 days before. 
Note the recurrence of the lobe and trough features even after 
two months of autumn storm activity. 
19 
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long, 3-12 cm high) which are also symmetrical to onshore asymmetrical. 
On side scan sonar records this facies is usually recognizable by a 
ripple pattern of closely spaced, shore parallel, light and dark lines 
arranged in narrow, shore normal bands, or by narrow dark streaks of 
hard signal returns in sand covered areas (Fig. 4). The trough facies 
can also be distinguished as shore normal, seaward expanding dark bands 
on some clear aerial photographs (Fig. 5). 
The troughs merge seaward of the lobes into a broad, longshore 
continuous, low relief 'flat' of relatively coarse sediment and medium-
to mega-ripples that may exhibit side scan returns similar to those of 
the troughs. The shoreward margin of this shore parallel flat often 
occurs near a lower shoreface slope change in about 5.5 m cf water, 
over 100 m seaward of the MSL shoreline. This flat is approximately 
30-40 m wide and extends parallel to the shoreline, continuing over 200 
m alongshore, beyond the observational range of the divers. This flat 
is often not well differentiated on the side scan records, probably due 
to ripple sizes being somewhat below the side scan threshold, and tc 
the near vertical incidence of the signal where the track lines pass 
directly over this .zone. However on some records, recent well-formed 
ripples in this zone may be continuously recognizable for several 
kilometers alongshore, between subtidal fields of exposed glacial 
('?) boulders. 
Along its seaward edge, the flat grades rapidly into a broad 
'swell' of approximately 20 cm vertical relief. The surface of the 
swell is characterized by fine sands that support small, often inactive 
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Figure 5. Seaward extending shoreface lobes and troughs are visible in 
the nearshore zone in this vertical aerial photograph taken May 9, 
1979, at Misquamicut Beach, southwestern Rhode Island (Photograph 



















ripples. These ripples are often covered by a thin blanket of rust 
colored detritus, probably of biogenic origin. This swell continues 
over 80 m alongshore and offshore, also beyond the limiting range of 
the divers. The swell is also difficult to define on side scan 
records, but similar to the flat it appears to be continuous 
alongshore, often becoming arcuate near the bounding boulder fields. 
An abrupt to gradually transitional zone is often observed along 
the border between the distinct fine and coarse sand facies. This 
zone, often comprised of relatively fine to medium grained sand, 
generally display~ short crested, wave formed, medium- to mega-ripples 
(20-80 cm long 3-8 cm high). However, long crested, wave formed, 
medium- to mega-ripples may also dominate in the transitional portions 
of the troughs where they are covered by the fine sand facies of the 
lobes. 
Survey Results 
On September 6, 1979, prior to the initiation of detailed 
surveying at the site, tropical storm David struck the Rhode Island 
coast with approximately 25 m/sec winds, but was incident on a lowest 
low water tide. Though this storm did not cause major coastal damage, 
some beach 'erosion did occur, especially in areas where the summer berm 
ponded water in a backshore trough until breaches formed in the water 
saturated and wave weakened berm. One of several of these breaches 
that developed !'egularly along East and Charlestown beaches was located 













water in a concentrated jet through this breach eroded a large 
depression in the berm and deposited a broad fan of fine sand, 
extending over 100 m seaward across the middle and lower shoreface. 
In the first full survey of the study area, made October 
30-November 1, 1979 (Fig. 3A), the depression was still discernable in 
the backshore and spring tide berm, and the fan deposit could be 
recognized extending seaward from the middle shoreface, trending 
slightly southeastward and encompassing the width of the grid. Several 
shallow mesoscale troughs were incised seaward across the fan deposit 
from the middle shoreface. The troughs merged into the flat on the 
lower shoreface beyond the distal edge of the fan deposit, and 
dissected the fan into several smaller mesoscale lobes. Subsequent 
surveys through December 30, 1979 (Fig. 3B), exhibited various minor 
beachface and upper shoreface accretional and erosional changes. But a 
general net accretion in this zone, and net erosion of the middle and 
lower shoreface was observed as onshore transport from the outer 
shoreface persisted through this period.in response to swell and autumn 
storm waves. The troughs expanded and became better defined during 
this period, tending to strong~y dissect the larger fan deposit. 
/ The results of a major winter storm in early January could be 
vaguely recognized on the survey of January 12-13, 1980 (Appendix A) 
despite severe abbreviation of the grid transects by storm damage. The. 
storm caused deep erosion and seaward transport from the beach and 
upper shoreface, and strong shoreward contraction of the seaward edge 
of the fan deposit. This convergent transport apparently resulted in 
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the accumulation of a thick, longshore continuous fine sand sheet, that 
probably filled and buried the incised troughs and lobes on the middle 
shoreface, under the outer storm surf zone. A similar pattern of 
erosion and convergent transport toward the edge of the surf zone was 
also observed on surveys following other major storms. The details of 
the modifications to either the troughs, the lobes, or the fan deposit 
as a result of this storm could not be determined due to the 
abbreviation of the profiles. 
Two relatively intense winter storms occurred prior to the January 
29-February 3, 1980, survey (Fig. 3C), and caused extensive beachface 
erosion, additional shoreward contraction of the fan deposit over the 
lower shoreface, and continued accretion on the middle shoreface sand 
sheet. The longshore exaggeration along the margin of the fan deposit 
was also smoothed as some of the head sediments apparently shifted 
laterally along the lower shoreface. The well-developed pattern of 
troughs and lobes had been generally covered over by the time of this 
survey, with the only evident trough being shifted slightly eastward 
relative to the position of a comparable late autumn trough. 
/ Three milder winter storms that occurred during February 
apparently caused ~o long-term erosion of the beaches, as the February 
29-March 3 survey (Fig. 3D) indicates a small net beachface and middle 
shoreface accretion. Meanwhile, shoreward sand transport during this 
period caused erosion and depression of the upper and lower sho~eface, 
renewed lobe and trough formation on the lower shoreface, and some 
landward migration of sand from the swell. The general outline of the 
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large fan could still be discerned in this survey. 
The largest storm of the winter season occurred on March 11-12, 
1980, causing deep excavation of the entire beachface, and producing a 
pronounced shore parallel bar at the approximate location of the 
previous shoreline. Though some rebuilding of the beach had occurred 
within the three days following the storm, the limited March 15-17 
survey (Fig. 3E) still exhibited much of the extreme beach erosion and 
the marked upper and middle shoreface accretion that had occurred 
during the storm. Meager vestiges of the fan deposit still persisted 
on the lower shoreface, though most of it had apparently migrated 
shoreward, contributing to the fine sand sheet accumulation on the 
middle shoreface. The toe of this sheet exhibited a pronounced scarp, 
up to 0.5 m high, and was sculpted into a rhythmically cuspate 
longshore edge, with reentrants located approximately where the 
previous major ~roughs had existed. Most of the lobes and troughs had 
again been filled and buried by the storm, though incipient troughs had 
begun to reform at the cusp-like reentrants by the time of the survey. 
Subsequent limited surveys through late April documented the rapid 
rebuilding of the beachface, as the sediments moved landward from the 
upper and middle shoreface. The cuspate edge of the fine sand sheet 
also decreased in relief due to this landward transport, and due to 
seaward spreading of the sediment previously forming a scarp along this 
edge. The extent of these adjustments was not completely apparent 
until the next full survey on May 10, 1980 (Fig. 3F), which exhibited a 
substantially rebuilt beachface, and marked depletion of the upper and 
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middle shoreface sand levels. The changes t~ the middle and lower 
shoreface were also pronounced in the reentrants of the cuspate edge of 
the sand sheet, where linear, shore normal lobes and troughs had again 
developed at locations similar to those of the earlier pre-March lobes 
and troughs. 
In general, this trend of beachface accretion and shoreface 
erosion persisted throughout the summer, as fine sand continued to move 
onshore from the shoreface under the influence of relatively mild 
summer waves. This sand came dominantly from the upper and middle 
shoreface, but some also moved onshore from the lower shoreface and 
apparently from the shore parallel swell. This sand movement resulted 
in large scale accretion of the beachface and the formation of a 
typical, well-develo_ped summer berm by the September 5-6 survey 
(Fig. 3G). The onshore sand movement from the middle and lower 
shoreface caused the relief of the lobes in this zone to become 
subdued, and the intervening troughs to expand in width. By the 
September 5-6 survey, these lobes and troughs described a strong 
pattern of large, nearly shoreline normal, topographically and 
texturally defined mesoscale features that tended to lie at a common 
base level alongshore. Though the dominant direction of sediment 
movement remained onshore throughout this period, there also appeared 
to be a small, gradual eastward di~placement of several of the 
mesoscale features during these months of development. 
The first major autumn storm on October 25-26, 1980, was incident 
on nearly the maximum prograded beachface profile for this year 
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(Greenlee, 1981, Appendix A), and coincided with an unusually high, 
proxi-gean spring tide. The erosion of the beachface by this storm was 
extensive (Fig. 3H), causing excavation of the entire berm and 
backshore sediment wedge, and reduction of the beachface profile to the 
ext~eme minimum level of the past several years. Material eroded from 
the beachface was transported seaward and formed an unusual, shoreward 
asymmetrical, parallel bar of approximately 1 m relief on the upper 
shoreface. The flat top of this bar continued across the middle 
shoreface, and then tapered seaward to beyond the distal edge of the 
grid. The ripple size differentiation over the bar appeared to be 
primarily depth controlled, that is, the the ripple sizes increased up 
the shoaling stoss-side of the ba:- while the grain size variation over 
the entire bar surface was minimal. The amount and extent of offsh::>re 
transport during this storm was greater than for any other stcr'l!l event 
observed during this investigation. As a result, all of the lobe and 
trough features were buried under the fine ~and, stoss-side ramp of the 
shore parallel bar, and the longshore relief became generally smoothed 
throughout the grid. 
Eigenfunction Analysis Results and Interpretations 
Simply comparing these profiles and describing their changes in 
the foregoing manner is an awkward and relatively inexact way to handle 
this large amount of data. Further, it yields little conclusive 
insight about the processes that are active in producing the observed 
shoreline morphologies. However, statistical analysis of the profile 
time-se~ies provides an efficient way to handle this large data set. 
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It also yields an exact, quantified description of how and when the 
profile changes occur, thus providing additional important clues about 
the development of the shoreline morphology. 
Several methods of statistical analysis have been applied to 
measurements of beach profile change (Cooley and Lohnes, 1971) but the 
most successful has been empirical eigenfunction analysis (Winant, et . 
al., 1975, 1976; Aubrey, 1978, 1979; Aranuvachapun and Johnson, 1979; 
Dolan, et al., 1979a, b; Aubrey, et al., 1980; Bowman, 1981). By 
this technique, a series of polynomial expansions is fit, in a 
least-squares sense, to the variations of the profile from a mean 
profile (the variance) over a regular time-series of measurements. The 
eigenvalues and coefficients of these expansions in turn represent a 
seri~s of independently ordered eigenfunctions, each of which describes 
successive increments of the profile variance. Because these functions 
are independent, each one is assumed to desc~ibe the profile response 
to a separate process or set of processes. Thereby this analysis 
provides a powerful means to quantify the profile responses, and 
further, to separate and identify the portions of the profile responses 
that are caused by different physical processes. A complete discussion 
of the techniques and assumptions involved in this analysis can be 
found in Aubrey (1978, 1979). 
Since the main purpose of using the eigenfunction analysis is to 
describe the variance of the measured profiles, the mean beach profile 
was first subtracted from each profile in the data matrix before the 
eigenfunction analyses· were performed. Because of this, the first 
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eigenfunction of this study corresponds with the second eigenfunction 
of previous studies (Winant, et al. , 1975, 1976; Aubrey, 1978, 1979; 
Aranuvachapun and Johnson, 1979; Dolan, et al., 1979a, b; Aubrey, et 
al., 1980; Bowman, 1981), and a similar correspondence holds for the 
second and third eigenfunctions of this study. 
In this study, several separate eigenfunction analyses were 
performed on each of the four shore-normal transects. This was done in 
part because a successively more complete time-series of profiles was 
available for the 270 m, 170 m, 90 m and 70 m long portions of each 
transect. Further, these profile portions were regularly measured over 
different total periods of time, ranging from 0.5 to 5+ years. 
Consequently each analysis is somewhat different from the others for 
the same transect, reflecting the effects these differences in profile 
lengths and sampling periods have on the analyses. The 170 m analysis 
(Fig. 6) presents the most complete picture for the purposes of this 
study. 
The first eigenfunction of this analysis indicates that about 65% 
of the profile variance occurs as a beachface/nearshore exchange that 
is dominated by cycles of combined storm/fair weather periods. 
Specifically, this function indicates that storm processes cause rapid 
concentrated erosion of the berm and foreshore down to the low tide 
step, and an even sheet of deposition over the upper and middle 
shoreface seaward of this step, while fair weather processes slowly 
reverse this pattern. A difference in the degree of autumn and winter 
vs. summer rebuilding of the beach indicates a seasonal pattern that is 
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Figure 6. Spatial and temporal eigenfunctions of the profile variance 
(mean profile subtracted before analysis) along four shoreline 
normal beach transects. Accretion at any point on the profile is 
indicated when the spatial and temporal eigenvalues are of the 
same sign, and erosion is indicated by opposite signs. The dashed 
lines show the mean beach profiles of each transect as a reference 
(the zero line is mean sea level). The transects were measured 
from stationary dune references to stationary lower shoreface 
reference stakes located over 100 m offshore at a depth of -7 m 
MSL. The profiles were obtained from October, 1979, through 
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clearly evident in the temporal function for this year. This same 
seasonal pattern is only somewhat less evident on the 70 m, beachface 
only analysis (Fig. 7) which includes four previous years of profile 
measurements on Transect II. This five year analysis also indicates a 
distinct period of accelerated beach retreat from August 1976 into 
January 1977, primarily in response to the erosion caused by Hurricane 
Belle in August: 1976, and the subsequent winter storm erosion in 
January, 1977. Since that time, the average shoreline position has 
remained relatively stable despite the several instances of severe fall 
and winter storm erosion indicated by the analysis. 
The second eigenfunction, representing up to 20% of the profile 
variance, appears to describe accretion and erosion across most of the 
beach and shoreface. Though these profile changes are too small to be 
easily distinguished in the profiles themselves, the analysis shows 
that these net changes occur on all four transects simultaneously, and 
that they tend to form a thin, fairly even veneer from the backshore 
seaward across the middle shoreface. Thus a significant total volume 
of sediment is involved in these changes, especially when they are 
considered over the entire survey area. These characteristics indicate 
that these profile changes reflect sporadic, collective (ie., as a 
unit) pulses of sediment transport alongshore under both storm and fair 
weather conditions. It must be stressed however that this function 
only represents net profile changes between surveys. Because it does 
not account for equivalent inputs and outputs by longshore transport, 
it may describe only a fraction of the total longshore transport at 
this site. 
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Figure 7. The first temporal eigenfunction of beach profile variance 
(mean profile removed) for a biweekly time series of beach 
profiles (Transect II) measured from 1975 through 1980 at the East 
Beach survey site in southwestern Rhode Island. The profiles 
extend only from the dune to the foreshore because of analytical 
constraints on the profile lengths of the input data set. The 
function apparently reflects net shoreline retreat (a net positive 
change in the eigenvalue) in addition to to storm- and 
seasonally-induced exchanges between the beach and shoreface that 
are seen in the first eigenfunctions in Figure 6. The July, 1978, 
break in the line draws attention to the relocation of the dune 
reference stake which was necessitated by dune retreat during the 
previous winter. This period was one of accretion throughout 
although the setback of this particular eigenvalue tends to 
indicate significant erosion. Note in particular the erosional 
retreat caused by Hurricane Belle and the subsequent winter storm. 
Note also the relative stability of the mean shoreline since that 
time, suggesting that this retreat temporarily reestablished ar. 
_equilibrium position between the shoreline and the slow eustatic 
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The temporal response of this function is not as simply related to 
the storm/fair weather cycles as is the first eigenfunction. Although 
the greatest changes in this function did occur in response to the 
major January, March and October storms, relatively large, abrupt 
changes also occurred during the typically fair-weather periods of late 
spring (May 10 and 17) and late summer (September 6). Moreover the 
erosional sense of the response is not consistent, in that the January 
storm survey and the May 10 and September fair-weather surveys were 
erosional, while the March and October storm surveys and the May 17 
fair-weather survey were accretional. Judging from the temporal 
eigenfunction, some of the material lost during the early January storm 
was not recovered by accretion during the remainder of the year, 
resulting in a small, net erosional loss of possible long-term 
significance from this beach site for the year. 
The third eigenfunction indicates that less than 10% of the 
profile variance occurs primarily as exchanges between the upper and 
lower foreshore and between the upper and middle shoreface. These 
exchanges are thought to describe the relatively minor, short-term 
patterns of berm and upper shoreface accretion and erosion that may 
involve various physical mechanisms and responses, including 
fluctuations in the incident wave energy, variations in tidal levels, 
small landward migrating nearshore bars and swash bars, and even the 
presence or absence of beach cusps. The similarity between the 
analyses of the four transects indicates that these spatial patterns of 
change are real, though of little net significance in the overall beach 
development. However, if the interpretation is correct, the temporal 
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patterns probably do not reflect the true pattern of these changes, 
mainly due to the aliasing (sampling at intervals greater than 1/2 the 
natural period of the function) inherent in this data set relative to 
the short periodicity of the suggested mechanisms and responses. 
Shoreface Stratigraphy 
Seven relatively short cores (generally less .than 0.5 m long) were 
collected over much of the shoreface grid (Fig. 8) to help define a 
basic stratigraphy for the active shoreface portion of this barrier 
beach system. Five cores (II-95, III-52, -67, -84, and D-56) were 
collected through fine sand lobes on the middle and lower shoreface. 
The light colored surficial fine sand, Unit A, in each core displays 
horizontal fine laminations of less than 1 mm thichness, .although the 
top 5 to 12 cm of the three seaward cores tend to be unstructured, due 
possibly to disturbance during coring. Only cores III-84 (57 cm long) 
and D-56 (33 cm long) actually penetrated the base of this fine sand 
unit, where they display a sharp contact with the underlying coarse 
grained deposits at 14 and 21 cm below the bottom respectively. 
However cores III-52 (20 cm long) and II-95 (16 cm long), collected 
immediately adjacent to coarse grained shorefa9e troughs, tend to 
abruptly or gradually coarsen downward to dominantly medium-coarse 
grained sand at 13 and 18 cm below the bottom respectively. Core 
III-67 (20 cm long) displays fine sand throughout, in which the 
uppermost horizontal laminations give way to seaward inclined 
laminations at 12 cm below the bottom, and the core becomes 
unstructured below 16 cm. All five of these cores exhibit a thickness 
Figure 8. The locations, lengths and bedding characteristics are shown 
for the short cores collected during this study. The interpreted 
depositonal environments are indicated to the left of each core. 
- Unit A represents fine grained active shoreface deposits. 
- Unit B represents coarse grained, basal shoreface storm deposits 
(after Kumar and Sanders, 1976). 
- Unit C may represent relict back-barrier/overwash deposits. 
- Unit D represents relict lagoonal deposits. 
- Unit E may represent relict, reworked glacial drift, or 
alternately may represent relict interfingering 

























































































































































































































































in this surficial fine sand unit that is comparable to the relief of 
the fine sand lobes above the adjacent coarse sand troughs (somewhat 
less than 20 cm). 
The lower shoreface cores (III-84 and D-56) show that a 3-4 cm 
thick layer of light-colored coarse sand underlies the fine sand lobes. 
Cores A-13 (12 cm long) and II-63 (24 cm long), collected through large 
scale ripples in the mesoscale troughs on the upper and middle 
shoreface, also display a comparably thin (less than 5 cm thick) 
surficial layer of coarse sand below the finer grained active surface 
ripples. This same coarse grained_ unit is exposed relatively 
continuously in the troughs over the entire shoreface. Because these 
coarse sands all exhibit comparable sedimentary characteristics and 
they occur at comparable alongshore levels in both surface exposures 
and in the cores, they are inferred to be correlative (Unit B) across 
the entire shoreface. 
This coarse sand Unit Bis abruptly underlain on the upper and 
middle shoreface (cores A-13 and II-63) by light colored, fine to 
medium sands (Unit C) that exhibit sub-horizontal to shoreward inclined 
. laminations of 1-5 mm thickness. However on the lower shoreface the 
coarse sand of Unit Bis underlain abruptly by a dark gray sequence of 
mixed clays, silts and fine to medium sands (Unit D) which exhibit 
horizontal fine laminations less than 0.2 mm thick. Unit Dis also 
exposed occasionally in the troughs of coarse-scale lower shoreface 
ripples, and in up to 20 m long erosional windows that occur in the 
active sand cover on the lower shoreface. Although Unit Dis 
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continuous through the bottom 40 cm of core III-84, a small pod of dark 
gray, unstructured fine sand (Unit Ea) lies at the base of this core. 
In core D-56, Unit Dis only continuous for 3.5 cm downward before it 
grades abruptly into a downward coarsening, dark gray unit (Unit Eb) of 
silt to coarse sand with local gravel and pebbles. Unit Eb is 
continuous through the last 5 cm of this core, and is inferred to be 
the equivalent of Unit Ea due to the proximity of the cores and the 
similarities in texture and position relative to Unit D. 
DISCUSSION 
Depositional Environments of the Shoreface Stratigraphic Sequence 
The barrier beaches along the southern Rhode Island coastline 
probably developed during the latest period of post-glacial sea level 
transgression (Dillon, 1970). Because these beaches receive a 
relatively meager sediment supply, they have slowly retreated landward 
with the transgressing shoreline since that time, primarily through a 
roll-over process of periodic dune overwash during storms. This 
retreat produces a characteristic, seaward dipping, transgressive 
sequence of coastal lagoon, marsh, back barrier, dune, and active 
shoreface units (Dignes, 1976; Kraft and John, 1979; Rampino, 1979; 
Rampino and Sanders, 1980) over a pre-transgressive surface of modified 
gla~ial tills and outwash. As the shoreline morphology evolves during 
this landward retreat, this stratigraphically complex footing is 
progressively exposed by wave erosion on the shoreface, and is itself 
partially or completely eroded. Therefore, this stratigraphic 
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transgressive sequence not only affects the developing morphology of 
the shoreline, but it also provides an important source of sediment to 
the entire beach system. Although the cores from this investigation 
are generally too short to make definitive interpretations and 
correlations with this sequence, the cores may be interpreted based on 
other well-documented investigations into shoreface stratigraphic 
sequences. An inferred schematic cross-section of the stratigraphic 
relationships expected to underlie this barrier beach system is shown 
in Figure 9. 
The near-surface and surface relationships of Units A and B 
indicate that they are probably recently active shoreface units. This 
and the low angle parallel laminations of Unit A are suggestive that 
this unit may be internally characterized by hummocky cross-
stratification (Harms, et al., 1975). Hummocky cross-stratification is 
generally associated with storm wave deposition, and indeed the 
sequence formed by Unit- A and Bis quite similar to shoreface storm 
deposits described by Kumar and Sanders (1976). If these units 
represent the entire envelope of active shoreface sediments, then the 
presence of coarse grained Unit Bin the shoreface troughs may result 
from the exposure of coarse grained basal storm deposits of this 
sequence through erosional windows in the finer grained, storm 
deposited and fair-weather modified, surfacial deposits of this 
sequence. The consistent lower limit to the downward development of 
the shoreface troughs over the entire shoreface tends to support this 
interpretation. However, Unit B should also be expected to form a 
relatively continuous, distinct basal unit under the fine sand lobes, 
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Figure 9. An idealized shoreface stratigraphy for the East Beach 
survey site suggested by earlier regional work (Dillon, 1970; 
Dignes, 1976; Kraft and John, 1979; Rampino, 1979; Rampino and 
Sanders, 1980; McGinn, pers. comm.; Urish, pers. comm.) and 
short shoreface cores from this study. The undernourished nature 
of this beach causes the underlying relict deposits to be exposed 
on the shoreface and reincorporated into the active shoreface 
sediment budget by shoreface erosion during the roll-over retreat 
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which is not seen in the present series of cores. Although this may be 
due simply to the shortness of these cores, it must be alternately 
recognized that Unit B may develop as a local lag pavement as fine 
sands are selectively transported preferentially out of the troughs. 
But since the lobes are also erosional, a similar though possibly less 
well-developed lag deposit should also be found at or near the surface 
of the lobes, which is not the case. 
The association of cross-stratified sand and gravel filled 
channels with the probable hummocky cross-stratified shoreface deposits 
described by Goldring and Bridges (1973) is similar to the lobe and 
trough associations identified in this investigation. Although 
Goldring and Bridges infer a fluvial origin for the channels based on 
the coarse grain size of the fill, the present association suggests 
that the channels may alternately be of marine origin. This further 
suggests that the lobe and trough features may have an unexpectedly 
high preservation potential, although preservation would probably be 
restricted to better nourished beach systems. Therefore Units A and B 
are thought to represent typical shoreface storm deposits. Unit A is 
thought to represent fine grained, hummocky cross-stratified, surficial 
storm deposits and and Unit Bis thought to represent the base of the 
active shoreface sediments. Armoring at the base of the troughs by the 
exposure of coarse grained Unit B sands and gravels probably controls 
the downward limit of trough development. 
The laminated fine to medium sands of Unit Care thought to 
represent prograded back-barrier and overwash deposits, although the 
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distinctive sedimentary structures of this unit could alternately be 
interpreted as the recent trough-filling deposits of onshore migrating 
bedforms in an accreting upper shoreface depositional environment. The 
documented erosion of the upper shoreface during the several months 
preceeding the coring operations, and the presence of this unit below 
the surficial exposures of coarse grained Unit B, strongly suggest that 
the Unit C sediments are relict deposits beneath the present active 
surface. This interpretation also suggests that the general alongshore 
break-in-slope between the middle and lower shoreface may, in part, 
represent the near-surface contact between the underlying erosion 
resistant, relatively cohesive lagoonal deposits, and the 
stratigraphically higher, less cohesive, marsh/back-barrier/dune 
deposits (?) of Unit C. 
The fine grain size, thin laminations, and relatively high organic 
content of the underlying, dark gray silty deposits of Unit Dare 
strongly suggestive of quiet water lagoonal deposition. Though the 
microfaunal analysis of Unit Dis still pending, this unit is markedly 
similar to relict lagoonal deposits seen in other local cores (Dillon, 
1970; Dignes, 1976; McGinn, pers. comm.). The presence of these 
relict lagoonal deposits at and near the surface of the lower shoreface 
is indicative of the thinness of the active shoreface sediment cover at 
this site. It also reinforces Dillon's (1970) suggestion that the 
exposure, erosion, and reincorporation of relict barrier deposits must 
play a key. role in sediment supply to this barrier beach system through 
time. 
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The stratigraphically lowest unit sampled (Unit E) may represent 
relict, reworked glacial outwash deposits. This unit is texturally 
similar to reworked glacial deposits that are present under other 
portions of this barrier beach system (Dillon, 1970; Dignes, 1976; 
Urish, pers. comm.; McGinn, pers. comm) and under the paleo-
environmentally similar Long Island barrier beach system (Rampino and 
Sanders, 1980). However the characteristics of this unit do not 
provide any definitive indications of a glacial origin, so Unit E may 
alternately represent reworked dune overwash deposits that are 
interfingered with back barrier marsh and lagoonal deposits. 
Shoreline Normal Mesoscale Bedforms 
The shoreface lobes and troughs at this site develop by 
fair-weather mechanisms of shoreface erosion and non-deposition, rather 
than by the storm mechanisms that have been previously inferred 
(Morang, 1978; Morang and McMaster, 1980). Furthermore the 
dev·elopment of these features is controlled by the onshore-offshore 
transport dominated, storm/fair-w~ather cycle of coastal erosion and 
accretion that is typical of this area. The cycle of lobe and trough 
development is initiated when storm-induced processes cause erosion of 
the beachface, offshore transport within the surf zone, and a general 
onshore transport seaward of the surf zone. This storm-induced 
convergent transport often produces a broad, slightly convex, nearly 
longshore continuous, sheet-like deposit of fine grained sediment 
.covering the upper to middle shoreface. In turn, this deposit usually 
fills-in and buries much of the pre-existing lobe and trough morpoholgy 
42 
over the shoreface extent of the deposit. 
Following the storm, relatively fair-weather wave processes cause 
the shoreface to erode as the nearshore sheet-like deposits are 
transported back onshore and the beachface is rebuilt. This occurs 
initially by the rapid onshore migration and welding of a low relief 
swash bar, and subsequently by the slower onshore migration of a 
nearshore parallel bar (Fig. 10),•as suggested by Owens and Frobel 
(1977). As the shoreface erodes, the lobes and troughs become 
redefined at· shoreface locations similar to those of the previous, 
storm-buried lobes and troughs. The new troughs tend to form as 
linear, shoreline normal depressions in the remaining shoreface 
deposits, and are rapidly incised downward to the coarse sand base 
(Unit B) underlying the finer shoreface sand sheet (Unit A). During 
extended intervals of low intensity fair-weather waves, some troughs 
tend to form and quickly disappear again, while others continue to 
develop, expanding shoreward and laterally over the coarse grained Unit 
B base. This defines the intervening lobes as residual, seaward 
extending, finger-like highs between the incised troughs. As the 
troughs continue to develop the intervening lobes become narrower, 
decrease in relief, and tend to extend further seaward. This pattern 
of shoreline adjustment tends to continue until the next occurrence of 
beachface erosion reinitiates the cycle. 
The troughs are thought to form by a mechanism of intensified 
erosion and non-deposition in linear, regularly spaced zones along the 
shoreline. The general onshore transport from both the lobes and the 
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Figure 10. A sequence of beach profiles·illustrating the onshore 
migration and.welding of a nearshore bar following minor beach 
erosion between April 5 and April 18, 1980, at the East Beach 
site, Transect II. Note the unaccounted for accretion on the May 
17 survey which apparently reflects a pulse of collective 
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troughs, and the slow degeneration of the lobes as the troughs expand 
in width indicate that the lobes are also basically erosional features. 
There may however be an additional depositional feedback mechanism to 
the lobes that prevents the shoreface from being eventually swept clean 
of fine grained sediments~ This mechanism may involve the transport 
and deposition of fine shoreface sands from seaward-directed rip 
current return flows that counterbalance the intensified onshore flow 
over the troughs. Alternately this sediment may be transported 
landward from the offshore swell and deposited preferentially onto the 
lobes in response to the same mechanisms that initially produce the 
lobes and troughs. The increasing late-summer stability of the lobes 
suggests that the relative importance of this depositional mechanism 
increases as the lobes and troughs become better developed. 
The undernourished nature of this beach may also influence the 
development of these features similar to the way the thinning of a 
mobile sediment cover appears to affect the morphology of 
current-induced shelf sand ribbons (Kenyon, 1970). The profiles and 
short cores from this study indicate that only a relatively small 
volume of active sand remains on the shoreface where these lobes and 
troughs form, which probably limits their ultimate relief. But the 
occurrence of similar features in other areas suggests that these local 
features may be minimum expressions of a broader class of mesoscale 
shoreface features that generally form in conjunction with beachface 
accretion. In this sense they may be comparable to the more commonly 
recognized beachface cusps, and may similarly be caused by several 
separate mechanisms. 
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It is important to recognize that these mesoscale lobes and 
troughs are distinct from the unique, grid encompassing fan deposit 
seen on the surveys from October to March (Fig. 3). That fan deposit 
appears to have originated during a major storm as a fine-grained head 
deposit from a concentrated, seaward rip-like flow through a breach in 
the foreshore berm. The same flow also scoured a low relief channel in 
the berm and across the foreshore and upper shoreface. This channel 
and fan deposit then remained as recognizable features on the shoreface 
through the March 3 survey. However they were gradually modified 
through successive storm and fair-weather cycles during that period by 
patterns of lobe and trough development, and by general onshore 
transport over the lower shoreface. The presence of this channel and 
fan deposit on the shoreface is indicative that significant rip 
current-like transport does occur occasionally along this coast. 
Thus the origin, morphology, and microscale characteristics of the 
channel and fan deposit are quite distinct from those of the mesoscale 
lobes and troughs. Yet storm-induced rip currents have also been 
suggested to account for the shoreface troughs (Reimnitz, et al., 1976; 
Morang, 1978; Morang and McMaster, 1980; Cook, in press). These 
currents are thought to produce narrow zone~ of linear, shoreline 
normal scour and offshore transport through the surf zone, and 
expanding fan-like deposits seaward of the breaker zone (Cook, 1970; 
Davidson-Arnott and Greenwood, 1974, 1976; Hunter, et al., 1979). A 
similar storm surge ebb flow mechanism is also thought to produce surf· 
zone scour and offshore deposition by storm-induced, channelized bottom 
flow (Gadow and Reineck, 1969; MacIntyre and Pilkey, 1969). However, 
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the 1979-80 observations indicate that the lobes and troughs do not 
form during storms, and that the relationships observed in the 
post-storm surveys at this site are actually the opposite of these 
suggested storm-induced relationships. That is, during storms the 
lobes and troughs generally become buried beneath the shoreface storm 
deposits within the surf zone, while the further seaward portions of 
the troughs are often enhanced. Furthermore, the coarse grained base 
in the developing troughs is usually continuous seaward into the 
offshore coarse grained flat, rather than grading seaward into an 
anticipated fine sand fan-like deposit. In all, the interpretation of 
a storm-induced origin for these features is inconsistent with the 
observed storm burial and subsequent fair-weather redevelopment of the 
lobes and troughs. 
Morphologically these lobe and trough features are somewhat 
similar to the mesoscale current lineations described on Eurpoean, 
African and U.S. contintental shelf regions (Kenyon, 1970; Newton, et 
al., 1973; McKinney, et al., 1974; Karl, 1980). However the 
shoreline attachment of the lobes and troughs, and their restriction 
within depths dominated by shoaling wave induced oscillatory currents, 
precludes their flow parallel generation by the unidirectional flow 
helical vortices suggested for the shelf features. However similar 
shoreline attached lobe and trough features have also been suggested to 
form as flow transverse bedforms in storm-induced coastal jet flow 
(Swift and ·Freeland, 1978). The strong storm-related wind patterns and 
relatively strong fair-weather wind patterns that often develop along 
this shoreline may occasionally induce a similar, strong nearshore 
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coastal flow by a geostrophic response to Ekman transport adjacent to a 
coastline (Csanady, 1979, 1981). Although this storm-related mechanism 
is again inconsistent with the observed fair-weather origins of these 
features, the action of this mechanism during storms could affect the 
the previously noted storm-enhancement of the troughs seaward of the 
breaker zone. Moreover, a fair-weather analog of this type of 
mechanism may be a factor in the fair-weather development of the lobe 
and trough features. That is, the troughs could presumably form by 
scouring and non-deposition along shore-normal, flow-induced, 
stationary macroturbulent eddys within this wind-induced flow. Yalin 
(1976) predicts that the maximum wavelength of macroturbulent ·eddys in 
tidal flow can be no more than 2 pi times the water depth, and that the 
wavelength probably decreases with decreasing current velocity. These 
constraints appear to be consistent with the observed depth to spacing 
ratio at this site, and with the increased onshore count of the troughs 
into shoaler water where botto~ frictional effects become more 
pronounced~ 
Unfortunately, there are not sufficient local wind and current 
data available to adequately consider the potential influence of this 
wind-induced mechanism along this coast. But significant longshore 
flowing currents have been occasionally observed across the shoreface 
during this investigation. These currents usually occur during storms 
or spring tidal phases and appear to be partially wind-induced and 
partially enhanced by flood or ebb tidal flow. However this type of 
flow occurs only sporadically along this coast, and the mesoscale 
shoreface features generally do not exhibit the asymmetry that would be 
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associated with this unidirectional flow influence. Moreover the 
coastal flow mechanism does not constrain the eddy development to the 
same general locations through time, nor does it force the developing 
eddys to remain stationary for extended periods of time. Finally, when 
these currents occur during fair-weather they do not attain sufficient 
velocities to independently agitate the bottom sediments and induce 
longshore sediment transport. Yet flow-transverse ladderback ripples 
have been occasionally observed on the shoreface seaward of the 
fair-weather breaker zone in association with these fair-weather 
longshore flows. These ripples apparently developed by initial 
incident wave agitation of the bottom with ensuing longshore current 
redistribution of the agitated sediments. Similar incident wave 
agitation may act in conjunction with macroturbulent eddys in 
wind-induced and tidal enhanced longshore flow to produce local 
shoreline normal scour zones. Therefore, although the coastal flow 
mechanism is probably not primarily respo_nsible for the development of 
the lobes and troughs, it could explain some of the shoreface lobe and 
trough development by an interaction with other mechanisms that better 
explain the regular spacing and the long-term, recurrent, stationary 
developmerit of these features. 
The regular spacing of the rhythmic shoreface troughs and 
intervening lobes is a basic characteristic of these features that is 
not easily explained. One mechanism that could strongly control both 
this spacing and the recurrent, stable location of these features is 
the excitation of edge waves by incident waves. Several local 
conditions lend themselves to, or strongly suggest, the presence of 
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edge waves. These conditions include: 1) the unusual suitability of 
this shoreline to edge wave excitation due to the concave shoreline 
curvature (Dolan, et al., 1979a); 2) the presence of strong bounding 
topographic features, such as jettys, glacial headlands, and shoals of 
glacial material, which could produce standing edge waves; 3) the high 
degree of inshore resonance associated with the relatively deep 
shoreface and steep foreshore, which would strengthen the energy 
transfer to edge waves; and 4) the regular spacing observed in the 
various local beach and shoreface morphologic features that corresponds 
to anticipated edge wave spacings for the average incident waves of 
this coast. 
Despite the unusual suitability of this coast to edge wave 
generation, this mechanism alone cannot independently induce the bottom 
transport necessary to generate the mesoscale lobes and troughs. 
However, constructive interference between the respective crests and 
troughs of shoaling incident waves and their induced edge waves would 
presumably produce alongshore differentials in the incident wave set-up 
and in the associated wave-induced bottom transport. These alongshore 
differentials could in turn produce the troughs as shoreline normal 
patterns of onshore and laterally divergent incident-wave transport, 
scour and non-deposition at the edge wave antinodes. Because 
subharmonic edge waves with a frequency one-half that of the incident 
waves are thought to be the preferentially excited edge wave mode (Guza 
and Davis, 197~), the zones of maximum induced set-up and onshore 
transport should occur at successive shoreline normal antinodai lines 
of these subharmonic edge waves (Fig. 11). In this case, the typical 
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Figure 11. An idealized representation of the nearshore sea surface 
produced by constructive interactions between standing edge waves 
and progressive incident waves. Interactions between incident. 
waves and subharmonic edge waves (edge wave period= 2X incident 
wave period) produce shoreline normal, linear zones of increased 
wave agitation and onshore transport under the areas of wave 
set-up at successive edge wave antinodes (right side of the 
figure). Similar interactions between synchronous edge and 
incident waves (edge wave period= incident wave period) produce 
scour under alternate antinodes (left side of the figure). 
However, this synchronous edge wave mode is not as readily excited 
as are the subharmonic modes (Guza and Davis, 1974). Zones of 
offshore rip current transport occurring at the intervening edge 
wave nodes or alternate antinodes may act as a feedback mechanism, 
depo~iting sediments on the lobes and maintaining them under 
continuous onshore transport conditions. 
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15 to 20 meter spacing of the lobe and trough pairs observed at this 
site would require the generation of 30 to 40 meter long subharmonic 
edge waves. Calculations using Bowen and Inman's (1971) expression for 
determining edge wave lengths for a given beach slope indicate that the 
subharmonic edge waves of this length would be induced by incident 
waves with 7 to 10 sec periods, given the typical 5 to 7 degree 
foreshore slope of this beach. This range of incident wave periods is 
consistent with the 6 to 10 sec average wave periods observed along 
this coast (Raytheon, 1975). 
Moreover, bounded edge waves are limited to a series of unique 
solutions for a length of coastline between set bounding features (Guza 
and Bowen, 1975). Thus the interference patterns and bottom features 
that develop in association with this mechanism could be expected to 
describe a pattern of systematic recurrence through time. Also, since 
several unique solutions may exist under changing incident-wave 
conditions, a set of lobes and troughs could develop under one set of 
incident/edge wave conditions and then become individually inactive, 
erased, or enhanced as the wave conditions change. This suggests that 
the features which are common to several bounded edge wave solutions 
could become preferentially enhanced and well-developed through time, 
thereby possibly explaining the patterns of well- and lesser-developed 
lobes and troughs observed in this investigation. Based on this the 
edge wave mechanism is thought to present a viable explanation for the 
observed long-term presence and development of the lobe and trough 
features on the shoreface .. 
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In addition, the edge wave mechanism is thought to induce offshore 
transport in rip currents between the zones of incident wave set-up 
(Guza and Inman, 1975; Dalrymple and Lanan, 1976). This could provide 
a mechanism to explain the slow seaward extension of the lobes through 
time by deposition onto the lobes from these extended rips. The 
continued erosion of the lobes as the adjacent troughs widen suggests 
that the net wave-induced erosion and onshore transport over the lobes 
must exceed the net lateral and offshore deposition that occurs over 
these same areas. However onshore transport and addition of sediment 
to the lobes from the fine-grained seaward swell could provide an 
alternate explanation for th~s extension. 
Similar nearshore patterns of wave set-up have also been accounted 
for by interactions between intersecting incident wave sets ·under 
generally fair-weather conditions (Dalrymple and Lanan, 1976; Geehan, 
1978; Breeding, 1981). This systematic interference of wave-related 
radiation stresses produces regular shore-normal zones of wave set-up 
that drive nearshore circulation cells similar to those induced by the 
edge wave interactions. Because wave-induced transport appears to be 
the primary factor in sediment movement at this site, and because the 
fair-weather wave spectra along this coast usually comprise both 
,intersecting local wind-induced waves and distant swell, this 
intersecting wave mechanism may also be important to the local 
development of the lobes and troughs. However, Dalrymple and Lanan 
(1976) indicate that the spacing expected by this mechanism is 
dependent on both the deep-water wavelength and the angle of 
intersection of the incident wave trains. The minimum spacing for 6 to 
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10 sec intersecting waves is 28 to 78 meters when the intersection 
angle is 180 degrees, and the spacing increases as the intersection 
angle decreases. Moreover, a maximum average wave period of 5 sec or 
less would be required to produce a 20 meter spacing between the zones 
of wave set-up produced by this mechanism. 
This mechanism must also account for the stability and recurrence 
of the shoreface patterns over long time periods. But under 
experimental conditions the intersecting wave patterns tend to be 
quickly erased once the wave approach becomes unidirectional (Dalrymple 
and Lanan, 1976). Furthermore, under variable directions of wave 
incidence the circulation patterns are expected to shift randomly, 
unless wave refraction by the offshore bathymetry plays an overriding 
role in constraining the incident wave directions. The observed 
variability in the incident wave directions in this area over several 
years (McMaster, et al., 1964-present) suggests that this is not the 
case. Thus intersecting incident waves do not appear to conform to the 
constraints of spacing and recurrence imposed by the lobes and troughs. 
However, this mechanism may play a role in establishing the larger 
scale patterns of nearshore circulation along this coast, and thereby 
may be of some significance to the development of the lobes and 
troughs. 
Wave refraction by nearshore and/or offshore topography has also 
been suggested to account for similar rhythmic shoreline topographies 
{Moody, 1965; Niedoroda and Tanner, 1970; Niedorcda, 1972; Sonu, 
1972, 1973; Hine, 1976)~ In this area however the offshore topography 
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is highly varied and does not appear related to the observed rhythmic 
shoreface morphology. Moreover, the low to negligible relief of the 
post-storm shoreface could induce only minimal refraction of the 
incident waves, and would therefore probably not contribute greatly to 
the generation of the lobes and troughs. However, this mechanism may 
limit to some degree the development of the lobes and troughs by 
negative feedback caused by wave refraction over the lobes once they 
are formed. In low energy, shallow water environments this refraction 
mechanism focuses incident wave energy over similar lobes producing 
onshore transport along the lobe crests and raising the water level 
over the lobes to produce a weak seaward return flow along the 
intervening troughs (Niedoroda and Tanner, 1970; Niedoroda, 1972). 
Although the increased energy and water depths associated with the 
Rhode Island lobes and troughs should significantly diminish the role 
of this mechanism, wave refraction over the lobes may still partially 
offset the wave-induced circulation established by edge waves or 
intersecting incident waves. 
It is not necessary that any of these mechanisms actually produce 
continuous linear zones of trough erosion and non-deposition. 
Disruption of wave-induced oscillatory flow by bottom irregularities 
would propagate a shoreline normal series of microscale bedforms 
(Smith, 1970) and would maintain increased bed agitation along this 
zone of agitation. This could result in increased selective transport 
and non-deposition of fines from this zone, eventually producing 
troughs by winnowing of the bottom. However, this mechanism alone does 
not explain the regular spacing, the bifurcation, or the recurrence of 
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the shoreface features, nor does it account for the origins of the 
initial bed irregularities. Furthermore it does not explain why 
certain troughs are preferentially enhanced while others appear and are 
erased during the same period. Therefore this propagation mechanism 
may also be partially, but not wholly, responsible for the generation 
of the transverse lobes and troughs at this site. 
In summary, the lobes and troughs form by fair-weather mechanisms 
that are primarily associated with onshore-directed wave transport. 
Although the precise mechanism responsible for the fair-weather 
formation of the lobes and troughs has not been verified, several 
possible mechanisms have been identified. The spacing of these 
features is probably subtly controlled by edge waves. Alongshore 
differentials in the wave-induced onshore transport, and the associated 
bottom scour and non-deposition, is thought to be the primary mechanism 
of lobe and trough development. Mechanisms that could explain this 
differentially increased erosion and non-deposition in the troughs 
include: 1) localized incident wave set-up by edge waves or 
intersecting incident waves; 2) turbulence in wind- and/or 
tide-ind1iced longshore currents; and 3) incident wave propagation of 
initial bottom irregularities. Finally a topographic refraction 
mechanism may partially counteract rip current circulaticn patterns 
that are associated with the first two of these mechanisms, eventually 
establishing an equilibrium between the- accretion and erosion of the 
lobes and troughs as the beach nears a maximum summer profile. 
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It is important to recognize how these shoreface.features form, 
but it is also important to recognize their relationship to the larger 
aspect of shoreline erosion and accretion. Much of the information 
presented here proyides insights into tnis larger perspective. Based 
on this information the development of the rhythmic shoreline 
topography can be related to an inferred larger framework of annual 
shoreline morphodynamics for this area . 
. An Annual Model of Waye-Dominated Shoreline Morphodynamics 
The annual patterns of large scale coastal morphodynamics along 
the moderate energy, wave dominated Rhode Island coast are summarized 
in Figure 12, and fall into two dominant catagories of 1) storm erosion 
and 2) fair-weather rebuilding of the beachface. Storms in this area 
often cause erosion of the beachface, and induce offshore transport 
within the storm surf zone and onshore transport from the area lying 
seaward of the breaker zone. This convergent transport toward the 
breakers results in the nearshore deposition of a slightly convex, 
sheet-like, shoreface storm deposit (after Kumar and Sanders, 1976). 
The extent of this storm-induced erosion, transport and deposition 
appears to be controlled by the beach morphology, the intensity of the 
incident storm, and the level of the sea surface relative to the beach 
and shoreface. 
The surveys from October to January indicate that low intensity 
autumn storms cause relatively minor beachface erosion at this site 1 
and restrict the offshore transport and deposition to the upper and 
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Figure 12. A suggested model of a~nual shoreline change in an 
undernourished microtidal beach environment. ~,inor autumn storms 
slowly displace the beachface sediments to the nearshore, shoaling 
this portion of the profile and thereby increasing the frictional 
dissipation of incident wave energy. Although subsequent major 
winter storm waves may severely erode the beach, under these 
conditions there is usually little net retreat of the shoreline. 
However, major autumn storms, such as hurricanes, often reduce the 
active shoreface sediment budget by causing extensive beach 
erosion, dune overwash and extended offshore sediment transport. 
Then subsequent major winter storm waves may also impact the beach 
with less dissipation of the incident energy , thereby 
contributing further to the retreat of the shoreline. This 
retreat replenishes the active shoreface budget by the erosion of 
relict deposits underlying the dune, the beach and the shoreface. 
The degree of beachface rebuilding between storms is determined by 
the time interval between stcrms and the nature of the incident 



























middle shoreface zones. This minor beachface erosion reduces the 
beachface slope while the nearshore deposition shoals the bottom, 
thereby enhancing the frictional dissipation of subsequent incident 
wave energy. The five-year eigenfunction (Fig. 7) indicates that a 
series of these minor storms will slowly degrade the well-developed 
late-summer beach profile, while producing a more dissipative profile 
in its place. The waves of subsequent major storms that are incident 
on this dissipative beach and shoreface profile are then limited in the 
degree of their erosion and the extent of their seaward transport by 
frictional dissipation of their energy. Although the beach may be 
deeply eroded by these later major storms, under these conditions there 
is usually little dune erosion or net shoreline retreat associated with 
this erosion and the profile generally recovers rapidly following the 
storm. 
The 1979 and 1980 October surveys indicate that intense autumn 
storms can cause substantially greater erosion of the late-summer 
profile than do most major winter storms, although the incident wave 
energy of these autumn storms is thought to be comparable to that of 
the winter storms. More importantly this erosion may be accompanied by 
dune erosion, extensive dune overwash, and expanded offshore transport 
extending across the lower shoreface and beyond. This increased 
erosion and offshore transport are probably due to the reflective 
characteristics of the summer profile. That is, the relatively deep 
shoreface profile may reduce the frictional dissipation of the incident 
storm energy, allowing the storm waves to impact the shore with greater 
erosive force. In addition, the steeper foreshore may also reflect 
59 
considerable energy seaward again, which may further enhance the 
erosion of the beach and the seaward transport of the eroded sediments 
(Wright, et al., 1978). 
Whatever the mechanisms, intense autumn storms often cause seaward 
transport of significant sediment volumes beyond the limit of 
short-term return to the beach, and possibly even beyond the limit of 
long-term recovery by the beach. The nearshore sediment deficit caused 
by this transport may also result in subsequent major storms being 
incident on a less dissipative profile, which could cause additional 
significant erosion of the beach. This removal of the wave buffering 
beachface sediments also opens the dunes to direct wave attack. It is 
probable that much of the resulting net erosion of the dunes goes 
toward replenishing the beachface sediment deficit caused by the storm 
erosion. 
wave energy incident on the beachface during a storm can also 
be increased by elevating sea level relative to the beach and nearshore 
profiles, which again reduces the frictional dissipation of the 
incident wave energy. This increase in sea level can be temporarily 
caused by high tides or storm surges, or may be part of a more 
continuous, secular eustatic rise of sea level. The effect of long 
term sea level rise on beach erosion and shoreline retreat may be even 
/, 
greater than the influence of the profile configuration during a storm.,-f' 
In particular the substantial net shoreline retreat that occurred 
during and soon after Hurricane Belle in 1976-77 may have been 
partially due to a disequilibrium between the sh6reline position and 
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ambient sea level caused by a long preceeding period of relative 
shoreline stability under rising sea level conditions.,/Although the 
rate of sea level rise is only about 3 mm/yr (Hicks, 1972) this 
translates to an average of over 20 cm/yr of beach retreat (Fisher, 
1977). The rapid step-back of the shoreline associated with Belle, and 
the subsequent relative shoreline stability, suggest that this general 
retreat does not occur continuously. Instead beach retreat under 
rising sea level conditions in this area may occur by a pattern of 
long-term relative stability punctuated by sudden extensive erosional 
retreat 
The high energy waves that are incident during storms may also 
cause onshore transport from areas seaward of the breaker zone, which 
may ultimately aid in the nearshore recovery of earlier, distally 
transported sediments from offshore. In addition, fair-weather waves 
tend to rapidly return much of the upper and middle shoreface sheet 
deposit to the beach within a few days following a storm, usually in 
the form of low, onshore migrating bars and swash bars (Fig. 10). 
However this transport and the associated beach rebuilding is 
seasonally restricted during the winter and spring by the relatively 
steep waves from regional storms that predominate during this period. 
During the summer though, distant swell induces more consistent onshore 
transport, allowing the beachface to build to a late summer maximum 
. that is both energy and sand supply dependent. The five-year 
eigenfunction (Fig. 7) indicates that this seasonal response is often 
volumetrically comparable to the response associated with the immediate 
post-storm beachface rebuilding. In addition, the 1979-80 profiles 
61 
illdicate that this seasonal response is characterized by a persistent
grain-wise onshore tra t f nspor rom the entire shoreface, rather than by
a continuation of the earlier, post-storm coll�ctive onshore migration
of nearshore, parallel· bars. This wave-energy-constrained pattern of
seasonal beach response has been previously recognized in this area
(McMaster, et al., 1964-present) but the degree of its significance and
its mode of occurrence have not previously been determined.
Although the importance of longshore transport to beach response 
is generally recognized along this coast (McMaster, 1960; Behie and 
Cornillon, 1981), its effects are poorly understood. The results of 
this study suggest that longshore transport may affect the longshore 
distribution and occurrence of major shoreline retreat . Specifically, 
the sporadic, inconsistent profile changes defined at this site by the 
second eigenfunctions (Fig. 6) suggest that significant longshore 
transport occurs during both storms and fair-weather conditions. The 
apparent collective form of this transport may cause the dissipative 
characteristics of the shoreface to be relatively increased over these 
isolated units of transported sediment, thus reducing the erosional 
vulnerability of that section of shoreline. Since this transport 
appears to occur during both storm and fair-weather periods, it may 
?ccur in response to broadening of the zone of wave-induced longshore 
transport by both storm waves and fair-weather swell, although it may 
also be due in part to wind-induced longshore currents. 
The rhythmic shoreline lobes and troughs develop within these 
larger scale patterns of change, forming primarily during periods of 
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relatively fair-weather and dominant onshore transport. During storms, 
these features are usually filled-in and buried within the zone of 
dominant offshore transport, but the seaward edge of the .shoreface sand 
sheet may develop a cuspate margin beyond this zone. Shortly after 
storms, the troughs and lobes begin to redevelop as the shoreface sand 
sheet is transported back onshore. 
The downward development of the troughs appears to be limited by 
the coarse base of the shoreface storm deposits (Figs. 8 and 9). Over 
this base the development of the lobe and trough morphology is probably 
strongly influenced by the small active sediment budget of this beach. 
Alternately, or on beaches with larger active sediment budgets, the 
downward trough development may be limited by the formation of an 
armored base of coarse grained lag at intermediate levels through the 
fine grained shoreface deposits, as the fines are selectively winnowed 
out of the deposits and carried onshore. Deposition from feedback 
mechanisms, such as edge wave induced rip currents, may occur over the 
lobes, maintaining them in equilibrium with the persistent onshore 
transport. 
SUMMARY 
1) The rhythmic shcreface patterns of mesoscale lobes and troughs 
observed at East Beach, R.I., form by fair-weather erosion of the 
shoreface in conjunction with post-storm and seasonal beachface 
accretion. In a sense they may be comparable to beachface cusps, and 
may similarly be variously explained by several different mechanisms. 
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The troughs apparently form by local non-deposition and intensification 
of onshore transport processes in narrow shoreline normal zones across 
the shoreface. The regular spacing and fixed recurrence of these 
features is probably due to edge wave influences. The non-deposition 
and transport intensification may result from 1) regularly-spaced wave 
set-up by edge wave or intersecting incident wave interactions with 
incident wave trains; 2) turbulence in wind- and tide-induced currents 
with incident wave agitation of the bottom; or 3) incident wave 
propagation of initial bottom irregularities. The lobes appear to be 
initially erosional, but since their expression is maintained on the 
shoreface and they prograde slowly seaward during their development, 
the erosion apparently becomes balanced by deposition. This 
depositional mechanism may involve seaward return flow in rip currents 
which may become nullified by incident wave refraction over the lobes 
as they become well-defined. However the deposition could be 
alternately explained by onshore transport from a fine sand 'swell' 
further seaward. 
2) These mesoscale shoreface features develop within a larger 
annual pattern of post-storm and seasonal beachface accretion. Initial 
post-storm accretion usually occurs by onshore migration of nearshore 
bars, as previously suggested by Owens and Frobel (1977). The extent 
of this accretion is seasonally controlled by ambient wave conditions~ 
and continued 'summer' accretion occurs by grain-wise onshore transport 
from the shoreface. Although these patterns of fair-weather beach 
accretion are relatively uncomplicated, the associated storm-induced 
beach erosion appears to depend on the preceding beach morphology, the 
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intensity of the storm, and on the level of the sea surface relative to 
the beach and nearshore profile. The late-summer beach profile may be 
particularly susceptible to extensive erosion due to the relatively 
non-dissipative character of the profile, whereas the intermediate 
rebuilding profile may be relatively stable in storms of comparable 
intensity due to its more dissipative character. The dissipation of 
wave energy can also be lessened by higher tides, storm surges, and 
eustatic sea level changes. These factors all appear to be important 
in determining the degree of beach erosion and shoreline retreat that 
is caused by a given storm. 
SUGGESTED FUTURE RESEARCH 
An important aspect of future research into these shoreface 
residual lobes and troughs will be to determine their worldwide 
occurrence and distribution. The relatively good aerial photographic 
coverage of the world's coastal zones may provide an important resource 
for this investigation since these features are discernable in photos 
under appropriate conditions of water turbidity and camera angle. This 
assessment could indicate how common these features are, and what the 
limiting environmental conditions are under which they form. It could 
also provide a basis for further evaluating the possible mechanisms of 
their occurrence. 
Further investigation of the edge wave and intersecting incident 
wave mechanisms that appear to be responsible for the shoreface lobes 
and troughs in this area is important to our understanding of local 
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beach processes. This investigation could proceed by a detailed wind, 
wave, and current meter field study, and by spectral analysis of the 
alongshore spacing of large and mesoscale coastal bedforms. The field 
study would verify the presence and characteristics of edge waves, cell 
circulation patterns, and/or of coastal flows along this coast (see 
Huntley and Bowen, 1974; also Chappell and Wright, 1978). The 
spectral analysis could independently define the spectrum of natural 
alongshore periodicities in the' rhythmic coastal features (see Dolan, 
et al., 1979a). By comparing the expected periodicities of the 
mechanisms defined by the field study to the actual natural periods 
determined from the spectral study, the effects of the individual 
mechanisms could be inferred and their relative importance could be 
uniquely determined for this coast. 
The step-like shoreline retreat suggested by the erosion 
associated with Hurricane Belle could be of great significance to 
coastal emergency planning efforts. This phenomenon could be 
investigated by applying the eigenfunction analysis to the earlier 
available surveys from this site and to the similar sets of profiles 
from other sites along this coast (McMaster, et al., 1964-present). 
This could identify not only the significance of these erosional 
step-backs, but could also indicate the degree of similarity in beach 
response that may exist among the various widely-spaced beach sites. 
Analysis of aerial photographs could extend this investigation even 
further back in time. This work could also determine if a 
characteristic pattern of profile change occurs through the periods of 
relative shoreline stability. Such a pattern may be a key to 
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forecasting the potential for extensive shoreline erosion that could be 
caused at specific coastal locations by major storms. 
Finally, longshore transport must be more explicitly understood to 
determine the role it plays in beach renourishment, and how it would 
affect artificial renourishment projects. A preliminary understanding 
of this might be obtained. by intercomparisons of eigenfunction analyses 
of profile time series taken along several widely-spaced transects 
between sets of bounding headlands. The results of the present study 
indicate that these profiles should extend seaward off the beaches to 
approximately -4 meter water depths, which is practical using standard 
transi~ and survey rod techniques. These comparisons could indicate 
when, in which direction, and how fast the apparent pulses of longshore 
transported sediments move, and could also give an indication of the 
volumes involved in this pulse-like transport. 
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Appendix A. Collected plots of all East Beach profiles measured 
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